We study the indirect effects of new physics on the phenomenology of the recently discovered "Higgs-like" particle. In a model independent framework these effects can be parametrized in terms of an effective Lagrangian at the electroweak scale. In a theory in which the SU (2)L × U (1)Y gauge symmetry is linearly realized they appear at lowest order as dimension-six operators, containing all the SM fields including the light scalar doublet, with unknown coefficients. We discuss the choice of operator basis which allows us to make better use of all the available data on the new state, triple gauge boson vertex and electroweak precision tests, to determine the coefficients of the new operators. We illustrate our present knowledge of those by performing a global fit to the existing data which allows simultaneous determination of the eight relevant parameters quantifying the Higgs couplings to gluons, electroweak gauge bosons, bottom quarks, and tau leptons. We find that for all scenarios considered the standard model predictions for each individual Higgs coupling and observable are within the corresponding 68% CL allowed range. We finish by commenting on the implications of the results for unitarity of processes at higher energies.
of the low-energy theory.
With the present data we can proceed by assuming that the observed state belongs indeed to a light electroweak doublet scalar and that the SU (2) L ⊗ U (1) Y symmetry is linearly realized in the effective theory [12] [13] [14] [15] [16] [17] [18] [19] . Barring effects associated with violation of total lepton number, the lowest order operators which can be built are of dimension six. The coefficients of these dimension-six operators parametrize our ignorance of the new physics effects in the Higgs phenomenology and our task at hand is to determine them using the available data. This bottom-up approach has the advantage of minimizing the amount of theoretical hypothesis when studying the Higgs couplings.
Following this approach we start by listing in Sec. II the most general set of dimension-six operators which involve triple couplings of the low energy scalar to the SM gauge bosons and fermions and can affect the present Higgs data. The list is redundant and, at any order, the operators listed are related by the equations of motion (EOM). This allows for a freedom of choice in the election of the basis of operators to be used in the analysis. We will argue in Sec. II C that in the absence of any "a priori" illumination on the form of the new physics the most sensible choice of basis should contain operators whose coefficients are more easily related to existing data from other well tested sectors of the theory. This will reduce to eight the number of operators testable with an analysis of the existing Higgs data.
We proceed then to briefly describe in Sec. III the technical details of such analysis. The status of this exercise with the most up-to-date experimental results is presented in Sec. IV which updates the analysis in Ref. [9] also extending the previous analysis by including modifications of the Higgs couplings to fermions. We summarize our conclusions in Sec. V.
II. EFFECTIVE LAGRANGIAN FOR HIGGS INTERACTIONS
In order to probe the Higgs couplings we parametrize the deviations from the SM predictions in terms of effective Lagrangians. Here, we assume that the low energy theory exhibits all the symmetries of the SM and that it contains only the SM degrees of freedom. Furthermore, we consider that the recently observed state belongs to an SU (2) L doublet 1 . We further assume that the present precision of the data allows us to parametrize the deviations from the SM predictions by operators of dimension up to six, i.e.
where the dimension-six operators O n involve gauge-boson, Higgs-boson and/or fermionic fields with couplings f n and where Λ is a characteristic scale. Moreover, we assumed the SU (3) c ⊗ SU (2) L ⊗ U (1) Y SM local symmetry as well as the O n operators to be P and C even and the conservation of baryon and lepton numbers. Our first task is to fix the basis of dimension-six operators that is suitable to study the Higgs couplings. Of all dimension-six operators just 59 of them, up to flavor and Hermitian conjugation, are enough to generate the most general S-matrix elements consistent with baryon number conservation and the SM gauge symmetry [20] . Before deciding the operators used in our analyses, let us discuss the dimension-six effective interactions that modify the Higgs coupling to gauge bosons and to fermions.
A. Higgs interactions with gauge bosons
To start, we consider the following eight P and C even dimension-six operators that modify the Higgs couplings to the electroweak gauge bosons, and one operator containing gluons [12, 13] :
where we denoted the Higgs doublet by Φ and its covariant derivative is D µ Φ = ∂ µ + i 
HZγ HA µν Z µν + g
(1)
HZZ HZ µν Z µν + g
HW W HW
HW W HW are related to the coefficients of the operators appearing in (1) through
where s ≡ g ′ / g 2 + g ′ 2 stands for the tree level sine of the SM weak mixing angle. For convenience, we rescaled the coefficient f GG of the gluon-gluon operator by a loop factor −α s /(8π) such that an anomalous gluon-gluon coupling f g ∼ O(1 − 10) gives a contribution comparable to the SM top loop. Furthermore, we have kept the normalization commonly used in the pre-LHC studies for the operators involving electroweak gauge bosons. Notice that the general expressions above reproduce in the different cases considered those of Refs. [16, 18, 21] .
B. Higgs interactions with fermions
The dimension-six operators modifying the Higgs interactions with fermion pairs are [20] 
where
We use the notation of L for the lepton doublet, Q for the quark doublet and f R for the SU (2) singlet fermions, where i, j are family indices. Notice that, unlike the Higgs-gauge boson operators of the previous subsection, not all Higgs-fermion operators listed above are Hermitian.
In Eq. (17) we have classified the operators according to the number of Higgs fields they contain. In a first set, which we denote O f Φ , the operators exhibit three Higgs fields and after spontaneous symmetry breaking they lead to modifications of the SM Higgs Yukawa couplings. The second set, O (1) Φf , contains operators presenting two Higgs fields and one covariant derivative, and consequently, they contribute to Higgs couplings to fermion pairs which also modify the neutral current weak interactions of the corresponding fermions, with the exception of O (1) Φud,ij that also changes the charged weak interactions. The third set, O
Φf , similar to the second, also leads to modifications of the fermionic neutral and charged current interactions.
Operators O f Φ,ij renormalize fermion masses and mixing, as well as modify the Yukawa interactions. In the SM, these interactions take the form
while the dimension-six modifications of the Yukawa interactions are
where a sum over the three families i, j = 1, 2, 3 is understood. After spontaneous symmetry breaking and prior to the finite Higgs wave function renormalization in Eq. (8), Eqs. (18) and (19) can be conveniently decomposed in two pieces L 0 and L 1 given by
and
T with f = u, or d or e and y f and f f Φ are 3×3 matrices in generation space. L 0 is proportional to the mass term for the fermions and in the mass basis leads to the SM-like Higgs-fermion interactions with renormalized fermion masses and quark weak mixing 2 . On the other hand, generically, the new interactions contained in L 1 are not necessarily flavor diagonal in the mass basis unless f f Φ ∝ y f . Altogether the Hf f couplings in the fermion mass basis and after renormalization of the Higgs wave function in Eq. (8) can be written as
with
where we denoted the physical masses by m f j and f ′ qΦ,ij are the coefficients of the corresponding operators in the mass basis. In what follows we will denote all these coefficients without the prime.
C.
The right of choice
In the effective Lagrangian framework not all operators at a given order are independent as they can be related by the use of the classical equations of motion (EOM) of the SM fields. The invariance of the physical observables under the associated operator redefinitions is guaranteed as it has been proved that operators connected by the EOM lead to the same S-matrix elements [22] . In a top-bottom approach, when starting from the full theory and integrating out heavy degrees of freedom to match the coefficients of the higher dimension operators at low energies it is convenient not to choose a minimal set of operators in order to guarantee that the operators generated by the underlying theory can be easily identified [23] . However, in a bottom-up approach when we use the effective Lagrangians to obtain bounds on generic extensions of the SM, we must choose a minimum operator basis to avoid parameters combinations that can not be probed.
In our case at hand, we have to take into account the SM EOM which imply that not all the operators in Eqs. (2) and (17) are independent. In particular the EOM for the Higgs field and the electroweak gauge bosons lead to three relations between the operators:
Φd,ii (25)
These constraints allow for the elimination of three operators listed in Eqs. (2) and (17) . At this point we are faced with the decision of which operators to leave in the basis to be used in the analysis of the Higgs data; different approaches can be followed in doing so. Again, in a top-bottom approach in which some a priori knowledge is assumed about the beyond the SM theory one can use this theoretical prejudice to choose the basis. For example if the UV completion of the SM is a given gauge theory, it is possible to predict whether a given operator is generated at tree level or at loop level [24] . One may then be tempted to keep those in the basis as larger coefficients are expected [21] . However, in the absence of such illumination it is impossible to know if the low energy theory would contain any tree-level generated operator; for instance see Ref. [25] for a model whose low energy theory contains only loop induced operators. Furthermore, caution should be used when translating the bounds on the effective operators into the scale of the new physics since after the use of EOM coefficients of operators generated at loop level can, in fact, originate from tree level operators eliminated using the EOM and vice-versa [23] . In fact, all choices of basis suffer from this problem! In principle, given the proof of the equivalence of the S-matrix elements the determination of physical observables like production cross sections or decay branching ratios would be independent of the choice of basis. Nevertheless independent does not mean equivalent in real life. For this reason in this work we advocate that in the absence of theoretical prejudices it turns out to be beneficial to use a basis chosen by the data: "Power to the Data". With this we mean that the sensible (and certainly technically convenient) choice is to leave in the basis to be used to study Higgs results those operators which are more directly related to the existing data, in particular to the bulk of precision electroweak measurements which have helped us to establish the SM.
First, let us notice that presently there is data on triple electroweak gauge boson vertices (TGV) [26, 27] 
where g W W γ = e = gs, g W W Z = gc. In general these vertices involve six dimensionless couplings [28] g V 1 , κ V , and λ V (V = γ or Z). Notwithstanding the electromagnetic gauge invariance requires that g 
Next we notice that the Z and W couplings to fermions as well as the oblique parameters S, T , U are in agreement with the SM at the per mil to per cent level [29] . These results impose severe constraints on the operators which modify these observables: O 
However, in order to take full advantage of these electroweak precision observables (EWPO) we must be sure that there is no combination of the anomalous operators whose contribution at the tree level to EWPO cancels out, i.e. we must avoid the existence of blind directions [14, 30] . In order to illustrate this point let us analyze the dependence on the anomalous couplings of a subset of the EWPO that contains the W mass (M W ), W leptonic width (Γ W ℓν ), the Z width into charged leptons (Γ ℓℓ ), the leptonic Z left-right asymmetry (A ℓ ), and the invisible Z width (Γ inv ) 3 . In general we can write the departures of the observables (∆Obs ≡
where the matrix M is given by
It is easy to verify that the matrix M exhibits two zero eigenvalues, indicating that 2 coupling constant combinations can not be determined. In general there are two blind directions even when we consider all LEP observables. In our example, the blind directions are
This means that there are two combinations of operators which do not contribute to these leptonic observables, these are any two linear combination of
There is a deep relation between operators that do not lead to any tree level contribution to the EWPO and blind directions. In fact, if the elimination of one of these operators using the EOM leads to a combination of operators that contribute at tree level to the EWPO, then this combination defines a blind direction because it has the same S matrix element than the original operator that has no impact on the EWPO [14] . For instance the bosonic operator O Φ,2 does not contribute to the EWPO since it modifies only the Higgs couplings, therefore, it is a blind operator. Using the EOM given in Eqs. (24)- (26) we can write that
The right hand side of the last equation defines a blind direction in the EWPO. In fact, only the operators O BW and
ΦL,ii in the right hand side of Eq. (35) contribute to the above leptonic observables, therefore the effect of O Φ,2 is equivalent to, for these observables,
that corresponds to the blind direction in Eq. (34) . The relations (24)-(26) allows the elimination of three dimension-six operators from the basis. As just discussed, in order to take full advantage of the electroweak precision measurements we should avoid the existence of blind directions in the parameter space. This is achieved by using EOM to eliminate operators that contribute at tree level to the EWPO in such way that the new form of the matrix M in Eq. (30) has a non-vanishing determinant. For example eliminating two combinations of O ΦL,ii . Furthermore, we also remove O Φ,4 using Eq. (24) . Notice that our choice for the operator basis allows us to take full advantage of the EWPO, as well as, of data on TGV. In brief, the relevant operators for the Higgs physics appearing in our dimension-six operator basis are
except for O
Φ,L and O
Φ,L . Now we can easily use the available experimental information in order to reduce the number of relevant parameters in the analysis of the Higgs data.
• Taking into account the bulk of precision data on Z and W fermionic currents and oblique corrections discussed above, the coefficients of all operators that modify these couplings are so constrained that they will have no impact in the Higgs physics. Therefore, we will not consider the operators (O
Φf , O
Φf , O BW and O Φ,1 ) in our analyses.
• Limits on low-energy flavour-changing interactions impose strong bounds on off-diagonal Yukawa couplings [32] [33] [34] [35] [36] [37] . There may still be sizeable flavour changing effects inτ e andτ µ [35, 36] which are, however, not relevant to the present analysis. Consequently we also discard from our basis the off-diagonal part of O f Φ .
• Flavour diagonal O f Φ from first and second generation only affect the present Higgs data via their contribution to the Higgs-gluon-gluon and Higgs-γ-γ vertex at one loop. The loop form factors are very suppressed for light fermions and correspondingly their effect is totally negligible in the analysis. Consequently, we keep only the fermionic operators O eΦ, 33 , O uΦ, 33 and O dΦ,33 .
In brief the effective Lagrangian that we use in our analyses is
(38) Notice that with this choice of basis all of the dimension-six operators considered contribute to the Higgs-gauge boson and Higgs-fermion couplings at tree level. The tree level information on htt from associate production has very large errors. So quantitatively the effects of the parameter f top enter via its contribution to the one-loop Higgs couplings to photon pairs and gluon pairs. At present these contributions can be absorbed in the redefinition of the parameters f g and f W W +f BB , therefore, we set f top ≡ 0. In the future, when a larger luminosity will be accumulated, it will be necessary to introduce f top as one of the parameters in the fit.
III. ANALYSIS FRAMEWORK
In order to obtain the present constraints on the coefficients of the operators (38) we perform a chi-square test using the available data on the signal strength (µ) from Tevatron, LHC at 7 TeV and 8 TeV for the channels presented in Tables I, II and III. We will also combine in the chi-square the data coming from the most precise determination of triple electroweak gauge boson couplings, as well as, the one-loop constraints coming from electroweak precision data (EWPD).
In order to predict the expected signal strengths in the presence of the new operators we need to include their effect in the production channels, as well as, in the decay branching ratios. We follow the approach described in [9] , which we briefly summarize here. Assuming that the K factor associated with higher order corrections is the same for the SM and new contributions we write
with the superscripts ano (SM ) standing for the value of the observable considering the anomalous and SM interactions (pure SM contributions). The ratios of the anomalous and SM cross sections of the subprocess Y (= gg, VBF, V H or ttH) and of the decay widths are evaluated at tree level, and they are multiplied by the value for the state-ofthe-art SM calculations, σ SM Y | soa and Γ SM (h → X)| soa , presented in Ref. [53] . We did not include in our analyses an eventual invisible decay of the Higgs [54, 55] , therefore the total width is obtained by summing over the decays into the SM particles. The evaluation of the relevant tree level cross sections was done using the package MadGraph5 [56] with the anomalous Higgs interactions introduced using FeynRules [57] . We also cross checked our results using COMPHEP [58, 59] and VBFNLO [60] .
For any final state F listed in Tables I, II and III we can write the theoretical signal strength as
(41) where ξ g , ξ V BF and ξ V H are the pulls associated with the gluon fusion, vector boson fusion and associated production cross section uncertainties (see Eq. (45)), and the branching ratios and the anomalous cross sections are evaluated using the prescriptions (39) and (40). The weight of the different channels to each final state is encoded in the parameters ǫ X with X = V BF , gg, W H,ZH and ttH.
The search for Higgs decaying into bb pairs takes place through Higgs production in association with a W or a Z so in this case 
is assumed. The ATLAS and CMS analyses of the 7 (8) TeV data separate the γγ signal into different categories and the contribution of each production mechanism to a given category is presented in With the exception of the above processes, all other channels F = W W * , ZZ * ,τ τ, Zγ are treated as inclusive,
For some final states the available LHC 8 TeV data has been presented combined with the 7 TeV results. In this case we construct the expected theoretical signal strength as an average of the expected signal strengths for the center-of-mass energies of 7 and 8 TeV. We weight the contributions by the total number of events expected at each energy in the framework of the SM (see Ref. [9] for details).
With all the data described above we perform a χ 2 test assuming that the correlations between the different channels are negligible except for the theoretical uncertainties which are treated with the pull method [62, 63] to account for their correlations. The largest theoretical uncertainties are associated with the gluon fusion subprocess and to account for these errors we introduce two pull factors, one for the Tevatron (ξ 
where j stands for channels presented in Tables I, II and III. We denote the theoretically expected signal as µ j , the observed best fit values as µ exp j and error
. One important approximation in our analyses is that we neglect the effects associated with the distortions of the kinematic distributions of the final states due to the Higgs anomalous couplings arising from their non SM-like Lorentz structure. Thus we implicitly assume that the anomalous contributions have the same detection efficiencies as the SM Higgs. A full simulation of the Higgs anomalous operators taking advantage of their special kinematic features might increase the current sensitivity on the anomalous couplings and it could also allow for breaking degeneracies with those operators which only lead to an overall modification of the strength of the SM vertices (see also [61] ), but at present there is not enough public information to perform such analysis outside of the experimental collaborations.
In the next section we will also combine the results of Higgs data from Tevatron and LHC with those from the most precise determination of the triple electroweak gauge boson couplings (27) . For consistency with our multi-parameter analysis, we include the results of the two-dimensional analysis in Ref. [26] which was performed in terms of ∆κ γ and ∆g Finally we will account for constraints from electroweak precision data on the higher-order corrections from dimension-six operators in terms of their contribution to the S, T , U parameters as presented for example in Ref. [25] . We will not consider additional effects associated with the possible energy dependence of those corrections. In particular the one-loop contributions from 
IV. PRESENT STATUS
Initially let us focus on the scenario where we neglect the fermionic Higgs operators, i.e. we set f bot = f τ = 0 and fit the available data using the coefficients of the six bosonic operators {f g , f W W , f BB , f W , f B , f Φ,2 } as free independent parameters 4 . Considering all Higgs collider (ATLAS, CMS and Tevatron) data, we find χ 2 min = 66.8 for the combined analysis and the SM lays at χ 2 SM = 68.1 i.e. within the 3% CL region in the six dimensional parameter space. The first column of Figure 1 displays the chi-square (∆χ 2 ) dependence upon the six bosonic anomalous couplings after marginalizing over the five undisplayed ones. In this figure we consider all Higgs collider (ATLAS, CMS and Tevatron) data (solid red line), Higgs collider and TGV data (dashed purple line) and Higgs collider, TGV and EWPD (dotted blue line) using Λ = 10 TeV in the evaluation of the logarithms in Eqs. (47)-(49). As we can see, the ∆χ 2 as a function of f g exhibits two degenerate minima in all cases due to the interference between SM and anomalous contributions, that possess exactly the same momentum dependence. Around the secondary minimum the anomalous contribution is approximately twice the SM one but with an opposite sign. The gluon fusion Higgs production cross section is too depleted for f g values between the minima, giving rise to the intermediate barrier. In the first column we use fg, fW W , fBB , fW , fB, and fΦ,2 as fit parameters with f bot = fτ = 0. In the second column the fitting parameters are fg, fW W = −fBB, fW , fB, fΦ,2, and f bot with fτ = 0. In the panels of the right column we fit the data in terms of fg, fW W = −fBB, fW , fB, fΦ,2, f bot , and fτ . Figure 2 : Chi-square dependence on the Higgs branching ratios (left panels) and production cross sections (right panels) when we consider all Higgs collider and TGV data. In the upper panels we used fg, fW W , fBB, fW , fB, and fΦ,2 as fitting parameters with f bot = fτ = 0, while in the middle panels the fitting parameters are fg, fW W = −fBB, fW , fB, fΦ,2, and f bot with fτ = 0. In the lower row we parametrize the data in terms of fg, fW W = −fBB, fW , fB, fΦ,2, f bot , and fτ . The dependence of ∆χ 2 on the branching ratio to the fermions not considered in the analysis arises from the effect of the other parameters in the total decay width.
f B and f W are the only fit parameters that modify the triple gauge vertices at tree level, therefore, they are the ones that show the largest impact of the TGV data as can be seen in the corresponding panels of Fig. 1 . f W is the most constrained parameter by the inclusion of the TGV data since this is the only one that modifies the most precisely determined TGV g Z 1 . Moreover, the inclusion of the EWPD in the fit reduces significantly the errors on f B , f Φ,2 , f BB , and f W W . As expected, there is little impact on f g from the addition of the TGV and EWPD data sets.
The best fit values and 90% CL allowed ranges for the couplings and observables in the combined analysis of Higgs collider and TGV data can be found in the two first columns in Table VI . Inclusion of the TGV data has almost no quantitative impact on the values of χ 2 min nor the SM CL. Adding the EWPD increases χ 2 min,(SM) to 67.9 (69.9) so the SM lies in the full combined analysis at the 9% CL six-dimensional region in agreement with these combined results at 0.1σ level.
We translate the results displayed in Fig. 1 in terms of physical observables in Fig. 2 which shows the ∆χ 2 dependence on the Higgs decay branching ratios and production cross sections 5 . As we can see from the two top panels, the SM predictions are within the 68% CL allowed ranges using the Higgs collider data together with TGV data. Notice that with the presently available data the Higgs branching ratios are know with a precision around 20% while the production cross sections are known with an uncertainty of 30%.
We depict in Figure 3 the 95% and 99% CL allowed regions of the plane f W W × f BB , after marginalizing over the undisplayed variables, when we consider only the Higgs collider data. As we can see there is a strong anti-correlation between f W W and f BB since they are the dominant contributions to the Higgs branching ratio into two photons which is proportional to f W W +f BB . The 95% CL allowed region is formed by two narrow islands: one with small departures from the SM contribution and a second one around the anomalous couplings values such that their contribution to the Higgs decay amplitude to photons is twice the SM one but with the opposite sign. This degeneracy of the minima is not exact since the f W W and f BB couplings not only contribute to Higgs decay into photons, but also to its decay into W W * and ZZ * as well as in V h associated and vector boson fusion production mechanisms, lifting the degeneracy of the local minima. Notice also that after marginalization over f BB (f W W ), the one-dimensional ∆χ 2 curve for f W W (f BB ) shown in second (third) row of the first column in Fig. 1 has only one minima and the anti-correlation is translated in these two curves being close to mirror symmetric. We display the 95% and 99% CL allowed regions in the plane fW W × fBB when we fit the Higgs collider data varying fg, fW W , fBB, fW , fB, and fΦ,2 The star stands for the global minima and we marginalized over the undisplayed parameters. Figure 4 contains the 68%, 90%, 95%, and 99% CL 2-dimensional projection in the plane f g ×f Φ,2 after marginalization over the four undisplayed parameters. The results are shown for the combination of Higgs collider and TGV data sets. As we can see, this figure exhibits two isolated islands that originate from the interference between anomalous and SM contributions to the Higgs coupling to two gluons. Within each island there is an anti-correlation between f g and f Φ,2 that stems from the fact that the anomalous contribution to the Higgs gluon fusion production is proportional to F SM gg f Φ,2 + 2f g where F SM gg ≃ 0.7 is the SM loop contribution to the Hgg vertex. We present the 68%, 90%, 95%, and 99% CL allowed regions in the plane fg × fΦ,2 when we fit the Higgs collider and TGV data varying fg, fW W , fBB, fW , fB, and fΦ,2. The stars stand for the global minima and we marginalized over the undisplayed parameters.
The left panel of Fig. 5 displays the correlations between the Higgs branching ratio into photons and its gluon fusion production cross section in the scenario where with f bot = f τ = 0. Clearly, these quantities are anti-correlated since their product is the major source of Higgs events decaying into two photons.
Let us now turn to the effects of including the fermionic operators in the analysis. We first do so by augmenting the set of parameters by the anomalous bottom Yukawa-like coupling f bot , however, to simplify the numerical analyses we enforce the strong correlation observed in Fig. 3 between f W W and f BB imposing that f W W = −f BB . Therefore, our free parameters are {f g , f W , f B , f W W = −f BB , f Φ,2 , f bot }, where we are still keeping f τ = 0.
We present in the middle panels of Fig. 1 the chi-square as a function of the fitting parameters in this case. First we see that the ∆χ 2 dependence of f bot presents two degenerate minima, one small correction to the SM Yukawa coupling and one larger positive which will flip the sign of the Hbb coupling. Comparing with the first column of panels in this figure we see that the allowed range for f g becomes much larger and the one for f bot is also large. This behavior emanates from the fact that at large f bot the Higgs branching ratio into b-quark pairs approaches 1, so to fit the data for any channel F = bb, the gluon fusion cross section must be enhanced in order to compensate the dilution of the H → F branching ratios. This is clearly shown in Fig. 6 which depicts the strong correlation between the allowed values of f bot × f g . This correlation has an impact on the determination of the gluon fusion production cross section and the Higgs branching ratio into photon pairs as illustrated in the right panel of Fig. 5 which shows that the gluon fusion production cross section can now be much larger than the SM cross section but only as long as the Higgs branching ratio into photons is below the SM value in order to fit the observed rate of γγ events. On the other hand allowing for f bot = 0 has a small impact on the parameters affecting the Higgs couplings to electroweak gauge bosons f W , f B , f W W = −f BB , and f Φ,2 as seen by comparing the corresponding left and central panels of Fig. 1 ; even prior to the inclusion of TGV constraints on f W and f B .
The effect of f bot can also be understood by comparing the upper and central lines in Fig. 2 which contain the chi-square dependence on Higgs branching ratios (left) and production cross sections (right) for the analysis with f bot = 0 (upper) and f bot = 0 (central). We can immediately see that the bounds on branching ratios and cross sections get loosened, with the VBF and VH production cross sections being the least affected quantities while the ano /Br(h → γγ) SM when we fit the Higgs collider and TGV data varying fg, fW W , fBB, fW , fB, and fΦ,2 (fg, fW W = −fBB , fW , fB, fΦ,2, and f bot ). The stars stand for the global minima and we marginalized over the undisplayed parameters.
gluon fusion cross section is the one becoming less constrained. The reason for this deterioration of the constraints is due to the strong correlation between f g and f bot we just mentioned.
The impact of f bot on the fit is due to the absence of data on the direct process pp → h → bb due to the huge SM backgrounds. One way to mitigate the lack of information on this channel is to have smaller statistical errors in the processes taking place via VBF or VH associated production. However, this will require a larger data sample than that which is presently available.
Finally we study the effect of allowing f τ = 0. For the sake of simplicity we keep the number of free parameters equal to seven and we choose them to be {f g , f W , f B , f W W = −f BB , f Φ,2 , f bot , f τ } where we used, once more, the strong correlation between f W W and f BB to reduce the number of free parameters to a treatable level. We present in the right panels of Fig. 1 the chi-square as a function of the free parameters in this case and in the lower panels of Fig. 2 the corresponding dependence for the decay branching ratios and production cross sections. The results are that the inclusion of f τ in the analysis does not introduce any further strong correlation. This is so because the data on pp → h → τ + τ − cuts off any strong correlation between f τ and f g . The determination of the parameters is not affected very much with respect to the previous case with f bot = 0 and f τ = 0. Concerning the observables only τ τ Higgs branching ratio is affected. The corresponding best fit values and allowed 90% CL ranges for the parameters and observables are given in the right two columns in Table VI .
We see that at the best fit point the present global analysis favors a BR ano τ τ /BR SM τ τ bigger than 1 (1.1) which leads to two possible values of f τ one small positive correction to the negative SM Yukawa coupling and one larger positive which will flip the sign of the Hτ τ coupling but give the same absolute value. This is the origin of the two minima observed in the lowest panel in Fig. 1 . Also, the inclusion of the fermion couplings has no impact on the values of χ 2 min,(SM) , and it still holds that the SM is in overall agreement with the Higgs and TGV results at better than 9% CL. Figure 6 : We present the 68%, 90%, 95%, and 99% CL allowed regions in the plane f bot × fg when we fit the Higgs collider and TGV data varying fg, fW , fB, fW W = −fBB, fΦ,2, and f bot . The stars stand for the global minima and we have marginalized over the undisplayed parameters.
V. DISCUSSIONS AND CONCLUSIONS
As the ATLAS and CMS experiments accumulate more and more luminosity we start to better probe the couplings of the recently discovered "Higgs-like" state. In this work we used a bottom-up approach to describe departures of the Higgs couplings from the SM predictions. In a model independent framework these effects can be parametrized in terms of an effective Lagrangian. Assuming that the observed state is a member of an SU (2) L doublet, and therefore the SU (2) L × U (1) Y gauge symmetry is linearly realized, they appear at lowest order as dimension-six operators with unknown coefficients containing all the SM fields including the light scalar doublet; for details return to Sec. II where we give the full list of operators affecting the Higgs couplings to gauge bosons and fermions. Not all the operators in Eqs. (2) and (17) are independent because at any order they are related by the equations of motion. This allows for a "freedom of choice" in the election of the basis of operators to be used in the analysis.
We have argued in Sec. II C that in the absence of any a priori knowledge on the form of the new physics the most sensible choice of basis should contain operators whose coefficients are more easily related to existing data from other well tested sectors of the theory, i.e., not only the LHC data on the Higgs production, but also EWPD and searches for anomalous triple gauge vertices. In this approach we reduce the operator basis to the nine operators in Eq. (38) whose coefficients are still not severely constrained by non-Higgs observables, and which are directly testable with an analysis of the existing Higgs data. The summary of our present determination of Higgs couplings, production cross sections and decay branching ratios from the analysis of the Higgs and TGV data can be found in Table VI. Generically in any analysis, we obtained that the SM predictions for each individual coupling and observable are well within the corresponding 68% ranges.
The presence of non-vanishing coefficients for the dimension-six operators alters the high energy behavior of the scattering amplitudes of SM particles. The scale where unitarity is violated at tree level in a given process can 2 [64] . Taking the largest value of the 90% CL regions a study of unitarity violation indicates that the scale of New Physics beyond SM is larger than ≃ 2 TeV; a result in agreement with the EWPD.
